Abstract Our purpose is to screen out genetic markers applicable to early diagnosis for colorectal cancer and to establish apoptotic regulatory network model for colorectal cancer, thereby providing theoretical evidence and targeted therapy for early diagnosis of colorectal cancer. Taking databases including CNKI, VIP, Wanfang data, Pub Med, and MEDLINE as main sources of literature retrieval, literatures associated with genetic markers applied to early diagnosis of colorectal cancer were searched to perform comprehensive and quantitative analysis by Meta analysis, hence screening genetic markers used in early diagnosis of colorectal cancer. Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were employed to establish apoptotic regulatory network model based on screened genetic markers, and then verification experiment was conducted. Through Meta analysis, seven genetic markers were screened out, including WWOX, K-ras, COX-2, p53, APC, DCC and PTEN, among which DCC shows highest diagnostic efficiency. GO analysis of genetic markers found that six genetic markers played role in biological process, molecular function and cellular component. It was indicated in apoptotic regulatory network built by KEGG analysis and verification experiment that WWOX could promote tumor cell apoptotic in colorectal cancer and elevate expression level of p53. The apoptotic regulatory model of colorectal cancer established in this study provides clinically theoretical evidence and targeted therapy for early diagnosis of colorectal cancer. 
Introduction
Colorectal cancer, as a common malignant tumor in digestive system, ranks third among male common malignant tumors and ranks second among female common malignant tumors in terms of morbidity in worldwide. In 2008, there were 1.2 million new cases of colorectal cancer globally, among which 609 thousand died of the disease (Jemal et al., 2011) . In China, colorectal cancer mainly attacks people aged 40-60 years old and due to its occult onset and low awareness, most patients have been in advanced stage when diagnosed, and metastasis has occurred in about 25% patients when first diagnosed. Therefore, elevation of early diagnostic rate for early treatment and improvement of prognosis for colorectal cancer are focuses in current and further colorectal cancer prevention and control.
Meta analysis refers to a quantitative literature review which takes multiple independent research results for the same topic as objects, and based on strict design, it employs proper statistical methods to perform systematic, objective, quantitative and comprehensive analysis, aiming to promote statistical test efficacy, evaluate inconsistency or contradiction of research results and discover disadvantages in individual research. In addition, it can process a large quantity of literatures without number limitation. Therefore, Meta analysis plays a significant role in clinical diagnosis, treatment, risk assessment, prevention and intervention, health service as well as decision-making (Zhou et al., 2010) . Meta analysis not only promotes efficacy of statistical inference thus lessening inconsistency of single research and draw more comprehensive and reliable conclusions (Zhang et al., 2013; Chaiyakunapruk et al., 2014) , but also puts forward some novel research subjects, guiding direction for further study.
Gene Ontology (GO) database (Hill et al., 2016 ) is a structured standard biological model established recently by GO organization, aiming to build a standard system of genes and their biological productions to analyze genes and their cellular component, molecular function and biological processes they are involved in.
Kyoto Encyclopedia of Genes and Genomes (KEGG) (Kanehisa and Goto, 2000) is a database that integrates genome, chemistry, and information of system function, which links gene catalogs obtained from genome that has been completely sequenced to system function of higher level of cell, species and ecosystem. It is characterized by powerful image function, enabling people to have an intuitive and comprehensive understanding of the metabolic pathways they study.
Taking databases including CNKI, VIP, Wanfang data, Pub Med, and MEDLINE as main sources of literature retrieval, literatures associated with genetic markers that are applied to early diagnosis of colorectal cancer were searched to perform comprehensive and quantitative analysis by Meta analysis, hence screening genetic markers which can be used in early diagnosis of colorectal cancer. Regarding the screened seven genetic markers, including WWOX, K-ras, COX-2, P53, APC, DCC and PTEN, their apoptotic regulatory network model in colorectal cancer was established by GO analysis and KEGG analysis, and then verification experiment was conducted. The model defines programed death regulatory mechanism for colorectal cancer cell, hence directing the individual diagnosis and targeted therapy of colorectal cancer.
Material and methods

Subjects
With CNKI, VIP and Wanfang databases were regarded as primary sources for Chinese literatures retrieval, literatures published between 1st January 1990 and 31 December 2013 were searched under key words of colorectal cancer, genetic markers, and early diagnosis. Regarding English literatures, Pub Med and MEDLINE were considered as main sources, and literatures published between 1st January 1990 and 31 December 2013 were searched with key words ''colorectal cancer", ''genetic markers" and ''diagnosis". All literatures meeting inclusion criteria were carefully read, including the whole text and references, and related literatures were searched as well. The full text of included literatures were either in Chinese or in English and concerning researches made by the same institution or on the same subject but published on different journals, the latest and the most complete report was adopted.
Inclusion criteria for literatures: (1) the literature should be in English or in Chinese, with content of application of genetic markers in early diagnosis of colorectal cancer; (2) the research type is retrospective study; (3) the gold standard in literature is histopathology or operative diagnosis, and the literature takes patients with colorectal cancer as experimental group and healthy people or patients with benign tumor as control group, and objects with no restriction of nation, age as well as sex; (4) literature should provide diagnose results of colorectal cancer separately diagnosed by genetic markers; (5) true positive (TP), false positive (FP), false negative (FN) and true negative (TN) of patients with colorectal cancer that is separately diagnosed by genetic markers can be obtained directly according to the literature or by calculation; (6) the literature employs correct methods and the study has normative process, and regarding researches multiply made by the same institution or on the same subject but published on different journals, the latest and the most complete report was adopted. All included literatures in this study were published full text in Chinese or in English and all data were obtained from the original text.
Exclusion criteria for literatures: (1) the literature involves either an unoriginal or repetitive research, or serious design defect, or incomplete data; (2) the type of literature is review or abstract; (3) cases are not diagnosed by gold standard; (4) subject is colon cancer or rectal cancer; (5) no control group is set in the study; (6) the literature studies application of genetic markers in postoperative recurrence diagnosis of colorectal cancer; (7) the literature shows no results of separate diagnosis but only combined diagnosis results of genetic markers for colorectal cancer.
Data extraction and quality assessment
Data extraction of included in literatures: (1) general data, including authors, published time, published journal, title, the numbers of cases in experimental group and in control group; (2) methodological characteristics: cutoff value; (3) characteristics of research results: diagnostic results of genetic markers for colorectal cancer, including TP, FP, FN and TN.
Quality assessment of included literatures: included literatures were separately and independently assessed and performed cross-check by two professional reviewers using quality assessment of diagnostic accuracy studies (QUADAS) developed by Whiting et al. (2003) . QUADAS consists of 14 assessment indicators. Regarding each indicator, ''Yes" indicates meeting the standard; ''No" indicates not meeting the standard, ''Not clear" indicates insufficient information can be got from the literature to determine whether the standard is met.
Meta analysis
All data were performed two-sided test of Meta analysis, in which P < 0.05 indicates statistical difference and P < 0.01 indicates extremely significant difference. Meta analysis of related results was performed by Meta-Disc software and the results were shown as forest graph and SROC figure.
GO analysis
To conduct GO analysis, the home page of AmiGO (http:// geneontology.org/) was visited. With ''Homo sapiens" as filter criteria, preliminary analysis of GO annotation was performed on seven genetic markers obtained from Meta analysis and the seven genetic markers are WWOX, K-ras, COX-2, p53, APC, DCC and PTEN.
KEGG analysis
To perform KEGG analysis on genetic markers, the homepage of KEGG signaling pathway database (http://www.kegg.jp/ kegg/pathway.html) was visited. Then, taking ''hsa" as screening criteria, and seven genetic markers including WWOX, K-ras, COX-2, p53, APC, DCC, and PTEN as keywords, signaling pathways of genetic markers in patients with colorectal cancer or linked to apoptosis were searched.
2.6. Verification experiment for apoptotic regulatory network of colorectal cancer 2.6.1. Experiment materials pcDNA4.0/Myc-WWOX recombinant plasmid was constructed and preserved at laboratory in the First Affiliated Hospital of Xi'an Jiaotong University, and it was purified by Qiagen plasmid purification kits before being determined purification and concentration by ultraviolet spectrophotometer. Human colorectal cancer cell line Colo205 was purchased in China Center for Type Culture Collection, and verification experiment was conducted after cells' arrival. The cells were grown in RPMI 1640 supplemented with 2.5 g/L glucose, 1.5 g/L sodium bicarbonate, 0.11 g/L sodium pyruvate and 10% fetal bovine serum; and they were routinely screened for Mycoplasma contamination. The primers were synthesized by Shanghai Shenggong Bioengineering Co., Ltd. The sequences of primers were as follows: WWOX, upstream primer was 5 0 -GATAATCCGACCAAGCCAAC-3 0 , downstream was 5 0 -ACTGCTTCACTCGCCCTTG-3 0 , length of amplification product was 209 bp; p53, upstream primer was 5 0 -GGC CCACTTCACCGTACTAA-3 0 , downstream primer was 5 0 -T AAAACGCAGCTCAGTAACAGTCCG-3 0 , length of amplification product was 186 bp; housekeeping gene b-actin, upstream primer was 5 0 -TGGAATCCTGTGGCATCCAT GAAAC-3 0 , downstream primer was 5 0 -TAAAACGCAGCT CAGTAACAGTCCG-3 0 . Transfection reagents were from Qiagen.
Cell transfection
Cell transfection was conducted referring to the introduction of liposomes transfection reagent when culture fluids for Colo205 cell line reached to 60-80%. The ratio of liposome and plasmid was 10:1; meanwhile, the empty vector pcDNA4.0/Myc-His and the non transfected Colo205 cell lines were set as control groups.
Apoptosis detection by flow cytometry
With pcDNA4.0/Myc-WWOX as transfection group, pcDNA4.0/Myc-His empty vector-transfected group and Colo205 cell line control group, cell apoptosis rate was analyzed with the FACSalibur software of flow cytometry.
RNA extraction
Total RNA was extracted according to instructions of total RNA extraction kit by Trizol method. Ultraviolet spectrophotometer was employed to detect ultraviolet absorption of total RNA at 260 nm, 280 nm, and 230 nm to determine purification and concentration of total RNA. Integrity of total RNA was tested on 1% agarose gel.
Synthesis of cDNA by reverse transcription
One lg RNA with good purification and integrity was taken respectively from each group as template for reverse transcription which was carried out in accordance with steps on Takara RT-PCR kit. Fig. 6 . Results indicated that P = 0.74 > 0.05, which means there was no bias.
Polymerase chain reaction (PCR) reaction
Meta analysis results of seven genetic markers
Meta analysis results of seven genetic markers are listed in Table 2 . As shown, the DOR of WWOX, K-ras, COX-2, P53, APC, DCC and PTEN in Meta analysis were 7.56 (4.97, 11.50), 12.56 (6.33, 24.90), 10.29 (4.00, 26.45), 17.42 (9.30, 32.62), 25.40 (7.37, 87.50), 4.41 (11.28, 262.54) and 22.39 (10.69, 46.88) , respectively, indicating that all seven factors had high diagnostic efficiency for colorectal cancer, among which DCC had the best diagnostic efficiency.
GO analysis results of genetic markers
In reference to GO analysis, the roles that gene and protein play in cell are classified into three parts, biological process, molecular function and cellular component. Tables 3 and 4 show GO analysis results of genetic markers DCC and PTEN. As shown, DCC plays a key role in biological process and cellular component and participates in apoptotic signaling pathway with positive regulation. And PTEN covered biological process, molecular function as well as cellular component, significantly acting in T cell receptor signaling pathway and biological process such as inositol phosphate metabolic process and phospholipid metabolic process. Tables 5 and 6 demonstrate GO analysis results of genetic markers COX-2 and p53. As indicated, COX-2 played a crucial part in biological process and molecular function and participates in cyclooxygenase pathway, inflammatory response, regulation of blood pressure and other biological processes. And p53 was included in biological process and cellular component, getting involved in apoptotic process and playing positive regulation in apoptotic signaling pathway. Tables 7 and 8 exhibit GO analysis results of gene markers APC and WWOX. As presented, both APC and WWOX covered biological process, molecular function and cellular component functions. APC was involved in apoptotic process with positive function; WWOX participated in intrinsic apoptotic signaling pathway by p53 class mediator, Wnt signaling pathway and so on; whereas functional annotation of human gene K-ras was not found in GO database.
Establishment of apoptotic regulatory network of genetic markers for colorectal cancer
Through KEGG analysis of seven genetic markers based on KEGG signaling pathway database, it was found that p53, APC, DCC and K-ras were involved in regulatory network of colorectal cancer, as shown in Fig. 7 . Combining results Figure 1 Flow chart of literature search and screening process of meta analysis on genetic markers for early diagnosis of colorectal cancer.
of GO analysis and KEGG analysis, genetic markers PTEN and COX-2 were added to establish primary apoptotic regulatory network of genetic markers for colorectal cancer, as shown in Fig. 8 . WWOX is a newly discovered tumor suppressor factor, and the apoptotic regulatory signaling pathway of colorectal cancer that WWOX was involved in is still unclear. It was found in GO analysis that WWOX was involved in apoptotic signaling pathway by p53 class mediator, so related verification experiment was supplied.
3.4. Verification experiment for apoptotic regulatory network of colorectal cancer 3.4.1. Effect of WWOX transfection on cell apoptosis of colorectal cancer
As indicated in Fig. 9 , after transfection of gene WWOX into Colo205 cell line, apoptosis rate of pcDNA4.0/Myc-WWOX transfection, pcDNA4.0/Myc-His empty vector-transfected group and Colo205 cell line control group were (12.63 ± 0.43)%, (2.31 ± 0.58)%, (2.20 ± 0.36)%, respectively. pcDNA4.0/Myc-WWOX group was different from the two control groups in apoptosis rate with statistical significance (P < 0.01), indicating that the transfection of pcDNA4.0/ Myc-WWOX elevated apoptosis rate of Colo205 cell line and that gene WWOX promoted apoptosis of colorectal cancer tumor cells. vector-transfected group and Colo205 cell line control group. Normally, wild-type p53 expresses low in Colo205 cell line; after transfection of pcDNA4.0/Myc-WWOX, however, it expressed higher in transfected Colo205 cell line than that in pcDNA4.0/Myc-His empty vector-transfected group and that in Colo205 cell line control group, which indicated that WWOX can elevate expression level of p53.
RT-PCR analysis on effect of WWOX on p53 mRNA expression
Discussion
Colorectal cancer, a genetic disease, is caused by the multi-phase and long-term process in which proto-oncogene is activated and suppressor gene is inactivated under the environmental effect. The onset of colorectal cancer is latent, leading to a low degree of symptom awareness, so most patients have already been in advanced phase when diagnosed. Up to 50% of newly diagnosed patients eventually developed into metastatic colorectal cancer, with five-year survival rate less than 5%. Besides, patients with intermediate and advanced colorectal cancer always have poor therapeutic results and the bad prognosis impairs their life quality, at the same time, imposes them large economic burden (Al-Shuneigat et al., 2011) . Colorectal cancer growth is correlated to pathways like gene mutation, gene repair, signal transduction and metastasis and invasion. At present, commonly used serum markers for early diagnosis of colorectal cancer in clinic have low diagnostic value because many patients have already been in advanced phase when diagnosed, which severely affected their treatment and prognosis. Thus it's necessary to find diagnostic methods with high sensitivity and specificity. The molecular model of colorectal cancer morbidity was posed by Fearon and Jones (1992) in 1992, and with the development of molecular biology techniques, molecular mechanism in the model was expanded and it's found that mutations in growth and development of colorectal cancer are sequential, which makes it feasible to diagnose colorectal from respects of oncogenes and tumor suppressor genes. Sugai and Habano (2016) discussed the genetic mechanisms of colorectal cancer and the relationship of these alterations with emerging biomarkers for pathological diagnosis, patient prognosis, and the prediction of treatment responses, which provided significant evidence for early diagnosis and treatment of tumor.
Related literatures about genetic markers used in early diagnosis of colorectal cancer were searched through CNKI database, VIP database, Wanfang database, Pub Med database and MEDLINE database. And then through Meta-analysis of diagnostic test, it was found that the DORs of WWOX, K-ras, COX-2, P53, APC, DCC and PTEN respectively were 7.56 (4.97, 11.50), 12.56 (6.33, 24.90), 10.29 (4.00, 26.45), 17.42 (9.30, 32.62), 25.40 (7.37,87.50), 54.41 (11.28,262.54) and 22.39 (10.69,46.88) , which suggested that these seven genetic markers had high diagnostic efficacy with DCC highest and WWOX lowest.
GO and KEGG databases were used to conduct GO functional analysis and KEGG signaling pathway analysis on the seven genetic markers so as to establish a primary apoptotic regulatory network, which showed that DCC was involved in the apoptotic signaling pathway with positive regulation. And over these years DCC was reported as one of the key tumor suppressor genes (Kazemzadeh et al., 2015) and was closely correlated to growth and development of colorectal cancer. And it was found that DCC gene can inhibit cell proliferation and cause degraded carcinoembryonic antigen (CEA) expression in rectal cancer cell line SW1116 (Jiang et al., 2015) . Therefore, detection of DCC protein in caner tissues is important for colorectal cancer patients' prognosis assessment and usage of assistant treatment. PTEN is a key tumor suppressor gene having phosphatase activity, which involves in biological process, molecular function and cell components and it plays an important role in biological processes including T cell receptor signaling pathway, inositol phosphate metabolic process and phospholipid metabolic process, etc. According to the apoptotic regulatory network in this study, PTEN was involved in apoptotic pathway with negative regulation to serine/threonine protein kinase B(PKB/Akt), which is in line with the report by Zeng et al. (2016) . Besides, COX-2, called ''quick responsive gene", is an inducible enzyme. It expresses low in normal tissues while the expression increases rapidly under internal and external stimulus and COX-2 is, in a large part, involved in the development of tumor, reported by Tabriz et al. (2016) In addition, p53 playing an important role in biological process and cell components is involved in apoptotic process with positive regulation. Al-Saran et al. (2016) found that Zinc can up-regulate expression of p53 and p21, resulting in apoptosis of human breast cancer MCF-7 cell. Analysis of genomic data suggested that p53 is linked to incidence of cancer (Stracquadanio et al., 2016) . He et al. (2011) found that curcumin can speed up tumor cell apoptosis and improve patients' health through increasing p53 expression. What's more, APC and WWOX both play a role in biological process, molecular function and cell components, and APC participates in apoptosis progress with function of promoting cell apoptosis and WWOX is involved in apoptotic signaling pathway and Wnt signaling pathway induced by p53. There was report indicating that as a negatively regulatory protein, APC can abnormally activate Wnt signaling transduction pathway when it's not expressed, suggesting that APC as one of cancer suppressive factors of colorectal cancer is involved in the development of colorectal cancer (Blundon et al., 2016; Xu et al., 2016) . A new cancer suppressor gene named as WWOX was found by Bednarek et al. (2000) in 2000 through Shotgun method. WWOX gene is correlated to tumor infiltration degree, lymphnode metastasis and pathological stage and it always expresses low in many tumor cells but its over-expression may induce tumor cell apoptosis Baykara et al., 2010) . Moreover, recent research reported that K-ras mutation is the negative factor for growth, development and prognosis of colorectal cancer and it's closely correlated to targeted treatment. K-ras is a tumor gene, whose mutation is the early event of colorectal cancer, thus K-ras gene have drawn people's attention more and more in tumor treatment. And detection of K-ras gene mutation is helpful for individual treatment of cancer, which is crucial in treatment of colorectal cancer (Liu and Fu, 2012) .
Experimental verification of WWOX showed that WWOX participated in apoptotic signaling pathway of colorectal cancer by activating p53 signaling pathway. According to study by Chang et al. (2001) , stable transfection of WWOX gene into L929 cells resulted in an elevated expression of WWOX in L929 tumor cells, a reduced expression of more than 85% of anti-apoptosis factor Bc-1 2 and Bc-1 xL and an increased expression of 200% of pro-apoptotic factor p53 as well as an increased TNF's cell toxicity which is in good agreement with partial results of this study.
Conclusions
A primary apoptotic regulatory network of colorectal cancer composed of p53, APC, DCC, K-ras, PTEN, WWOX and COX-2 and other related genes were established in this study by Meta analysis combined with Go functional analysis and KEGG signal pathway analysis. And it's proved by experiment that WWOX is involved in apoptotic signaling pathway of colorectal cancer through activation of p53 signaling pathway by elevating p53 expression. Apoptotic regulatory network of colorectal cancer can provide a theoretical basis for early diagnosis and targeted treatment of colorectal cancer in clinic.
